This is the first intercultural review of antimalarial plants in this region. The aim of this study was to document the medicinal plants used against malaria by indigenous people in the Upper Rio Negro region and to review the literature on traditional uses and antimalarial properties of the cited species.
-Map of São Gabriel da Cachoeira and research area 2.2 Research Authorization Research authorizations were obtained for access to traditional knowledge associated with genetic resources in Brazil as per the 2186-16 interim measure issued by the Brazilian Government Management Board of the Genetic Heritage (CGEN) (protocol number 02000.001373 / 2010-110), including authorization by the National Indigenous Foundation (FUNAI), the Foundation of Indigenous Organizations of Rio Negro (FOIRN), the local indigenous foundation, three local indigenous association. All of the residents of the communities studied gave their consent. The research began upon receiving the authorizations, which took three years.
Ethnobotanical survey
Observations of participants in the municipality of São Gabriel da Cachoeira lasted from the beginning of 2010 until mid-2012. The researchers lived in the city for nine months and took several trips to the city and communities. After authorization by CGEN, the fieldwork was conducted between early September 2013 and the end of November 2013, totaling over 91 days of continuous field effort. Surveys were conducted in five indigenous communities (Cunuri on the Uaupés River, Tapira Ponta on the Uaupés River, Ilha das Flores at the confluence of the Uaupés and the Negro River, Curicuriari at the confluence of the Curicuriari and Negro River, and São Jorge on the Curicuriari River, which is only accessible by boat). The communities are multiethnic and include native-born residents as well as those from various regions of the municipality, including the neighboring country of Colombia. Interviews were conducted with every community resident age 18 or older who had contracted malaria or treated someone who suffered from it (approximately 80% of the adult population). The semi-structured face-to-face interviews contained questions related to the sociocultural characteristics of respondents, plants used in their malaria treatment (excluding plants used for malaria-like symptoms such as fever, headache, and others caused by other diseases) parts of the plants used, and preparation and dosage. The informants were asked how they were diagnosed and if they knew of plants to treat or prevent the disease. The common names of the plants were recorded in the language(s) of the respondent. Ethnobotanical walks were conducted to complement interviews and collect botanical material. The plants were picked up and photographed. Interviews and walks were aided by Moises Lopes Dias, a Tukano student and resident of the community of Cunuri. He helped with the collection of botanical material, filming, and translation and transcription of names from Tukano. He was paid for his work and is the co-author of this publication. The plants were identified by specialists when necessary (Sr. José Ramos, Dr. Maria de Lourdes da Costa Soares Morais and Dr. Michael Hopkins from Instituto Nacional de Pesquisas da Amazônia (INPA), and Dr. Vidal de Freitas Mansano from Instituto de Pesquisa do Jardim Botânico do Rio de Janeiro. The vouchers were included in the IFAM Herbarium -Campus Manaus (Herbarium EAFM). Names were checked with the List of Species of the Brazilian Flora, Rio de Janeiro Botanical Garden (http://floradobrasil.jbrj.gov.br).
Quantitative analyses
Relative Frequency of Citation (RFC) This index was obtained by dividing the number of informants who mentioned using the plant species by the number of informants participating in the survey (N). It varies from 0, when nobody referred to the plant as useful, to 1, in the unlikely case that all the informants mentioned using the species (Tardío and Santayana 2008) .
Literature review
The literature was reviewed from scientific journals in academic databases (Google Scholar, Capes Portal, PubMed, JSTOR, EBSCO) of papers published up to January 2014 in order to find work on ethnopharmacology, ethnobotany, and antimalarial activity of the species cited as antimalarial in this research. The main keywords were: antiplasmodial activity, Plasmodium, malaria, and all accepted names and synonyms of the 46 species mentioned. For antimalarial activity, we researched articles from all regions of the planet. For references to ethnobotany and ethnopharmacology, papers were selected from countries that are part of the Pan Amazonia.
Results and discussion
3.1. Sociocultural characteristics of the informants We interviewed 89 people in five indigenous communities. It is difficult to precisely quantify the total population because residents travel a lot, and changes in community composition occur constantly. We estimate that this number (89 people) is 80% of the adult population. Of the respondents, 49 are men (55.1%) and 40 are women (44.9%).They belong to 10 ethnic groups. The Tukano ethnic group is the most widely represented with 33.7% of respondents, followed by Dessana (19.1%), Baré (14.6%), Tariano (6.7%), Piratapuia (4.5%), Arapaço (4.5%), Baniwa (3.3%), Hupda (3.3%), Curripaco (1.1%) and Bara (1.1%). Though most respondents spoke Portugese, some spoke Spanish as well as 10 other indigenous languages. Most people interviewed spoke four or five languages. Popular names are in the Nheengatu and Tukano languages, which are understood and spoken by all respondents. The Nheengatu language (Tupi-Guarani family) was introduced into the region by European missionaries, whereas there was no previously Tupi language, originally spoken by other indigenous people of the Brazilian coast (Freire, 2004) , and is the origin of many plant names in Portuguese, thus explaining the lexical similarities between the names cited in Nheengatu and in Portuguese. The average age of respondents was 46 and ranged from 22 to (approximately) 74.
3.2. The species used as antimalarial and general data on the species
Perception of the disease
According to the indigenous residents interviewed, the origins and transmission of malaria are diverse. Ninety-one percent (81/89) of the informants said that malaria is caused by the bite of a mosquito, a belief for which the government's anti-malaria interventions in the area might be responsible, though some informants also pointed to other causes of the disease. Traditional beliefs of malaria transmission were also voiced: the result of a poisoned arrow from a malevolent mythical being after disobeying the spirits, or the uprooting of the timbó vine (Deguelia amazonica Killip) and the waukú flower (Monopteryx uaucu Spruce ex Benth.) in the headwaters of rivers, which is subsequently drunk. It can also be contracted through dreams of a plant called umari (Poraqueiba sericea Tul.) and in places where there are "malaria pots," stagnant water wells on depressions in river rocks, also described by Buchillet (1995; . Malaria is associated with sopro, a cultural disease caused by spiritual beings (WaiMahsã) "blown" by the shamans and only cured by benzimento (blessing) or by eating or drinking mosquito urine or eggs in water or food. They use the same word wuhaké (tukano) to refer to malaria and influenza, which references the initial fever of both diseases. Nonetheless, over a period of days, symptoms such as intermittent fever, headache, joint pain, vomiting, and lack of appetite point to malaria, which they tend to diagnose accurately. The disease is perceived as dangerous and deadly if not treated in time. The majority of participants (67.4%; 60/89) said they prefer to use remédio do branco (white man's medicine), i.e., antimalarial tablets distributed by government health agencies. According to the informants, the use of medicinal plants occurs when there is no access to the pills distributed by the government: for example, on long trips, in gold mines, and when health service by government agents is delayed. Some participants (12.3%; 11/89) say they only use phytotherapy, while the rest (87.7%; 78/89) say that herbal remedies only work for a while, after which malaria comes back. Globally, most participants believe in the efficacy of medicinal plants but prefer to take the white man's medicine because it is easier to administer and works faster. Concomitant use was also reported (25.8%; 23/89), but this information is often not divulged because government health workers, arguing that the result would be a false negative due to decreased parasitaemia, do not administer the malaria test if the patient claims to have used a home remedy. Informants report that they prefer to be treated by government health workers in the community and go to the hospital in town only for very severe cases. They claim that the doctors do not have patience with them and fail to understand their perceptions of the causes and cures for the disease.
Medicinal plant species
Forty-six plant species belonging to 24 families were mentioned for the treatment of malaria (Table 1) . Among the species collected, three families are characterized by their species richness: Fabaceae (8 species / 17.4%), Arecaceae (6 species / 13.0%) and Euphorbiaceae (3 species / 6.5%), which account together for 36.9% of the mentioned species. The Fabaceae family represented the highest number of antimalarial plants in the Brazilian Amazonia, as observed by , Santos et al. (2008) and Milliken and Albert (1997) . Milliken and Albert (1997) claim that although this may be understood as an indicator for the most pharmacologically active families in the region, it probably reflects the size and diversity of these families, thus influencing their representativeness. This hypothesis is confirmed by Stropp et al. (2011) in the region, where the most abundant family identified in the white sand forests and upland was Fabaceae. The Arecaceae family, second on the list of species, is an abundant family in the area and throughout the humid tropics. The Euphorbiaceae family is also cited by Stropp et al. (2011) as the third most abundant in upland and white sand areas, and it is also the third highest in number of species cited in our study. The Asteraceae family appears first on the plant families list used as antimalarials in the work of Milliken (1997) and Oliveira et al., (2003) This high number of native species used can be explained by the excellent state of conservation of the area, the great distance from the larger cities, the difficulty of access, language barriers that hinder the entry of a greater number of exotic plants, and the knowledge and experience of the use of native species by indigenous people. This factor is even more important regarding the use of plants for a disease such as malaria and considered "new." It is the adaptation of local flora to unknown diseases. On the other hand, it is interesting to note that one of the characteristics of local flora is the high endemism, and only one endemic plant was cited as antimalarial, Table 2) . The consensus observed for these seven-most-cited species might indicate the presence of some key phytochemical ingredients in these plants. The wide range of species cited may be, on the other hand, a consequence of the focus on a particular disease, as observed in Odonne et al. (2011) . Nevertheless, this fact might be explained by the cultural diversity or the mosaic of environments influencing people's knowledge. Moreover, informants say that some plants are only effective for certain people, usually those sharing the same blood type or siblings. Garnelo and Buchillet (2006) point out that therapeutic strategies, such as the use of medicinal plants in the Upper Rio Negro Baniwa, vary widely according to each patrisib and the distribution of residence microecosystems.
Plant parts
Among the plant parts, barks (34.0%; 17/50) and roots (28.0%; 14/50) were the most used, followed by leaves (14. 0%; 7/50), fruits (8.0%; 4/50), whole plants (6.0%; 3/50), stems (4.3%; 2/50), exudates (4.0%; 2/50), and seeds (2.0%; 1/50). The barks are widely used fresh and dried in Amazonia. According to respondents, the roots of plants growing in chavascal (permanently flooded vegetation) and igapó (seasonally flooded forest) do not have much medicinal power because they are constantly hydrated, which diluem o remédio (dilutes the medicine). Roots (28.0%; 14/50) used in the preparation of medicines to treat malaria are not as commonly used as leaves (Rodrigues, 2006; Odonne et al., 2013) .
Preparation methods and posology
Most preparations are made by decoction (57.4%; 31/54), followed by bath (12.9%; 7/54), infusion (9.2%; 5/54), maceration (7.4%; 4/54), roast until ashes (3.7%; 2/54), in natura (3.7%; 2/54), steam bath (3.7%; 2/54), and enema (1.8; 1/54). The popularity of decoction, also found by Milliken (1997) , , and Vigneron et al. (2005) , is probably due to the large number of barks and roots, suggesting an Amazonian pattern. The bath is the second-most-common form of preparation. For the bath, the entire body from head to foot is doused with water at the time of fever. In this study, as observed by Vigneron et al. (2005) , or Houël et al. (2015) , all of the plants used in the bath are also administered internally as tea. When this is done, the amount of tea consumed daily is much less than if it were only used internally. The only exception is Sagotia brachysepala (Müll.Arg.) Secco, for which decoction of bark is used in baths only at the time of fever, its intake being prohibited. An enema is made with the decoction of Solanum crinitum Lam. roots, which are placed into a syringe and applied to the anus with the aim of clearing out the intestines. At the same time, the root decoction is used in baths at the time of fever. The use of enemas is currently not very well documented in the Brazilian Amazonia.
A suador (steam bath) is made from the roots of Bixa orellana L. or leaves of D.amazonica, which are burned below the hammock of the patient, who is covered under a blanket. Only two preparations are made from a mixture of plants: maceration of Carica papaya L. with E. precatoria roots and the decoction of Euphorbia prostrata Aiton with the palm of E. precatoria. Interestingly, all the mixtures cited include parts of E. precatoria in their preparations, suggesting a possible synergistic effect. According to Rasoanaivo et al., (2011) , there is evidence for different types of positive interactions between components of medicinal plants used in the treatment of malaria. This species is often quoted in the literature for its use as an antimalarial in traditional medicine, but the laboratory work is inconclusive and only points to moderate antiplasmodial activity (Jensen et al., 2002) . Albert and Milliken (2009) argue that most plants in Amerindian herbal medicine of Amazonia are used separately, and this seems to be a common pattern.
Concerning the posology, quantities may vary from half a cup (125 mL) to three cups (750 mL), but are always drunk three times a day. According to the interviewees, they are taken at a similar frequency as the antimalarial tablets, which seems to represent a hybrid of biomedical and traditional medicinal concepts. A reported problem regarding the dose is caused by the disappearance of symptoms in the second or third day of treatment, which makes patients feel they are cured. They no longer take the remedy, which increases the parasitaemia and subsequent symptoms. Only one species, A. amazonicus, is used as a malaria preventive. Indigenous health workers prepare and distribute it to the community, not only as a malaria preventive, but also as a tonic and aphrodisiac.
Antimalarial activity and phytochemistry, a bibliographic review
After the literature review, the plants were divided into four categories. Of the 46 species cited, 18 (39.1%; 18/46) have already been studied for their antimalarial properties according to the literature detailed in Bark and leaves, in vitro, P.falciparum, IC50 =2.3 to 7.9µg/mL. Roumy et al., 2007 ;  Bark, in vitro, P. falciparum (FCR3), 10 to 0.1 µg/ml, IC 50 =5.9 and FBIT test 1.0 µg/ml.
Ruiz et al., 2011
Ampelozizyphus amazonicus (Rhamnaceae) Santos et al., 2005; Luz, 2001; Milliken, 1997; Scudeller et al., 2009; Santos et al.,2012; Rodrigues, 2006;  Roots, in vitro and in vivo P. berghei (ANKA), 100 to 400 mg/kg/day protection to mice from sporozoites, 100 and 50 µg/mL of extract inhibited in vitro P. berghei schizont development. Prophylactic. -Neto et al., 2008 Bark, in vivo P.chabaudi, 10mg/kg oral dose, act as an adaptogen by enhancing immune system function and could mitigate the Peçanha et al., 2013 inflammatory disorders. Banisteriopsis caapi (Malphighiaceae) Ruiz et al., 2011 Leaves and stems, in vitro, P. falciparum (K1), 10 mg/mL. Gachet et al., 2011;  Bark, in vitro, P. falciparum (FCR3) 10, to 0.1 µg/ml, inactive.
Andrade

Ruiz et al., 2011
Bixa orellana (Bixaceae) Luz, 2001; Milliken, 1997; Bertani et al., 2005. Seeds, in vitro, P.falciparum (GHANA), in vivo P. berghei (ANKA).the extract exhibited IC50 =11.6 µ/mL, 500 mg/kg dose caused parasitemia reduction of 50.3/5.8%.
Fernandez -Calienes et al., 2011;
Carica papaya (Caricaceae) Milliken 1997; Valadeau et al., 2009 Rind and pulp, in vitro, P.falciparum (FCK2). The pet. ether extract of the rind had the highest antimalarial activity of all the extracts tested (IC50=15.19 µg/mL). Bhat and Surolia, 2001 Seeds, in vivo, P. berghei 50 to 200mg/kg/day, showed a significant malaria parasitaemia suppressive activity (P≤0.05). Amazu et al., 2009; Leaves, in vivo, P.berghei(NK65) , 100 to 1000 mg/kg and in combination with artesunic acid. Alone have a very good activity, its combination with artesunic acid is antagonistic. Onaku et al., 2011;  Pulp, in vitro, P.falciparum (MRC-2),125 to 1.9 µg/mL. Venkatesalu et al., 2012 Citrus sinensis (Rutaceae) Milliken, 1997;  Fruit, in vitro, P. falciparum (FCK2) IC50=51.1 (petroleum esther) and 53.6 µg/mL (MeOH). Bhat and Surolia (2008) Cocos nucifera (Arecaceae) -Flesh, in vivo P. berghei (NK65), 50 to 200 and 400mg/kg, reduces the parasitemia by the 200 and 400 mg/kg doses.
Al-Adhroey et al., 2011
Husk fiber, in vivo P. berghei (NK65), in vitro P. falciparum (W2). Only ethyl acetate fraction was active against P. falciparum, IC 50 = 10.94 µg/ml. And active in mestiço type hexane extract. Adebayo et al., 2012 Adebayo et al., 2013 Cymbopogon citratus (Poaceae) Kvist et al., 2006; Ruiz et al., 2011; Odonne et al., 2013; Rodrigues, 2006. Leaves, in vitro P. falciparum (F32), C.citratus, were found to possess greater effects on the growth with 20 µg/ml giving 57.9%. Bidla et al. 2004;  Leaves volatile oil, in vivo, 62-87% suppression of P. berghei, Tchoumbougnang et al., 2005;  200-500 mg/kg/day). Leaves, 400 to 800 mg/kg, in vitro P. falciparum petroleum ether, ethyl acetate and methanol showedIC 50= 9.1, 12.1 and 15.9 µg/ml respectively and in vivo P. berghei (ANKA), 87.2% inhibition of parasites. Melariri et al., 2011 .
Deguelia amazonica (Fabaceae)
-Stembark,100 mg/kg up to1g/kg and in vitro P. falciparum (Indo, F32 Tanzania). IC 50 = 3.2 (F32), 18 (Indo) µg/ml. Muñoz et al., 2000. Euterpe precatoria (Arecaceae) Kvist et al., 2006; Bertani et al., 2005; Hajdu; Hohmann, 2012; Scudeller et al., 2009. Buttress root, in vitro P. falciparum (D2, F32) and in vivo P. berghei. 100 up to 500 mg/kg. Deharo et al., 2001. Root, in vitro P. falciparum (3D7), IC 50 =12µM. Jensen et al.,2002 ;
Leaves, in vitro P. falciparum (D2, F32) and in vivo P. berghei. 100 up to 500 mg/kg. Deharo et al., 2001 . Jacaranda copaia (Bignoniaceae) Valadeau et al., 2009; Cavalcante and Frikel, 1991 (fever) .
Iriartea deltoidea
Leaves, in vitro P. falciparum (FCR3),IC 50 = 8.1-1.5 µg/ml. Valadeau et al., 2009 .
Persea americana (Lauraceae) Milliken, 1997; Coelho-Ferreira, 2009; Ruiz et al., 2011. Bark and leaves, in vitro, P. falciparum (FCR3) 10,5,1 and 0.1 µg/ml IC 50 >10 µg/ml. IC 50 FBIT test >10 µg/ml. Ruiz et al., 2011 Phanera splendens (Fabaceae) Albert and Milliken, 2009. Stembark, in vivo against P. berghei (NK65) and P. vinckei (279BY), 100 mg/kg up to1g/kg and in vitro P. falciparum (Indo, F32 Tanzania). IC 50 = >100 (F32), 28 (Indo) µg/ml, toxic (P. vinckei). Muñoz et al., 2000 .
Physalis angulata
(Solanaceae) Rodrigues, 2006; Milliken, 1997; Santos et al., 2006; Odonne et al., 2013; Kvist et al., 2006; Ruiz et al., 2011. Whole plant, in vitro P. falciparum (FcB1),10 mg/ml, IC 50 = 7.9-0.7 µg/ml. Zihiri et al., 2005. Shoot, in vitro, P. falciparum (3D7), 100 to 12 µg/ml. Kvist et al., 2006;  Whole plant, in vitro P.falciparum (3D7, W2) from 200 to 0.09µg/ml, and in vivo P.berghei berghei 300mg/kg. Luzakibanza et al.,2010;  in vitro P. falciparum(W2) IC50=2.2-55 µM .
Sá et al., 2011;
Whole plant, in vitro P. falciparum (FCR3), 10,5,1 and 0.1µg/ml IC 50 =6.6 and FBIT test >10 µg/ml. Tachia grandiflora (Gentianaceae) Milliken 1997; Schultes and Raffauf, 1990. In vivo P. berghei, 100 to 1000 mg/kg/day. Inhibited 40% of parasites.  Leaves and roots, in vitro P.falciparum (K1, W2), and in vivo P. berghei (NK65) 500 mg/kg/Day. Crude extracts were inactive in vitro, chloroform root and leaves IC 50= 10.5-35.8µg/ml respectively and amplexine IC 50= 7.1µg/ml are active in vitro. Silva et al., 2013. 
Pharmacological and phytochemical data of the consensual antimalarial species
In the following section, we provide an in-depth phytochemical and pharmacological review of the seven consensual species cited in the Upper Rio Negro region.
Aspidosperma schultesii (RFC=0.89) From the interviewees' points of view, bark has two different characteristics: color, white or yellow, and the environment in which it occurs. In Igapó, the bark is thinner and thought to be of lower quality because when the tree is submerged, water "dilutes the medicine." Upland, the bark is a little thicker and has a "good amount of medicine," the best quality with a thicker skin and "a larger amount of medicine" located on the mountaintop. Participants compare this species with chloroquine, primaquine and dipyrone because to them, the bitter taste is the same. Several species of Aspidosperma are cited in the literature for the treatment of malaria: Aspidosperma macrocarpon Mart. (Mesquita et al., 2007) , Aspidosperma excelsum Benth.,Aspidosperma rigidum Rusby (Kvist et al., 2006) , and Aspidosperma nitidum Benth. ex Müll.Arg. . A.nitidum seems to be the most cited antimalarial species (Luz, 2001; Milliken &Albert, 1997; Scudeller et al, 2009; Milliken, 1997) . A. excelsum and A. marcgravianum are less cited (Rodrigues, 2006; Santos et al, 2012; Milliken, 1997) . Interestingly, the two A. excelsum and A. nitidum are now considered synonyms, A. excelsum being the accepted name (http://www.tropicos.org/). An unidentified Aspidosperma is used as an antimalarial in the neighboring region of Barcelos . A.rigidum is used to treat fever by the Indians of the Bolivian Amazonia (Hajdu & Hohmann, 2012) . The Aspidosperma genus is characterized by the occurrence of indole alkaloids, often considered chemical markers of the genus (Nunes, 1980) . Several studies highlight the antimalarial activity of Aspidosperma genus (Torres et al, 2013; Henrique et al, 2010; Oliveira et al, 2010; Andrade Neto et al., 2007; Dolabella et al., 2012) , and antiplasmodial effects of Aspidosperma species are related to the presence of these alkaloids (Mitaine et al, 1996; Pereira et al, 2007) . Three alkaloids (fendlerina, aspidoalbina and aspidolimidina) were isolated from the bark of A. megalocarpon and showed strong antimalarial activity in vitro (Mitaine et al., 1998) , and according to Mitaine et al. (2002) various alkaloids of Aspidosperma are reasonable antiplasmodial agents. The study of A.schultesii bark extract by Reina et al. (2011) showed the presence of three alkaloids, and Mesía et al. (2012) later noted the presence of seven alkaloids.
Ampelozizyphus amazonicus (RFC= 0.88) It is used as both a preventive and curative medicine. According to the survey participants, there are two forms of A. amazonicus, a male and a female. In some communities, the male can only be used by men for the treatment of malaria, while the female can only be used by women. The difference lies in the root morphology. The male saracura has a root without secondary roots, whereas the female has secondary roots. The participants noted that the root of male saracura looks like a male phallus, and the root of the female saracura looks like a woman's pubic hair. They are used for energy and as preventive remedies for other diseases besides malaria. Saponins have been isolated from their roots, also triterpenes melaleucic acid, betulinic acid, betulin and lupeol Brandão et al., 1993) . Ursolic acid, five lupane type triterpenes: betulin, betulinic acid, lupenone, 3ß-hydroxylup-20(29)-ene-27,28-dioic acid, and 2α,3ß-dihydroxylup-20(29)-ene-27,28-dioic acid, and three phytosteroids: stigmasterol, sitosterol and campesterol, have been isolated from stem extracts of A. amazonicus (Rosas et al., 2007) . Silva et al. (2009) showed the presence of approximately 48% saponins in an aqueous extract from the roots of the plant and high iron levels in vegetative organs of A. amazonicus, including the root bark. As A. amazonicus showed no antimalarial activity (Brandão et al 1985; Krettli et al.,2001) , it was first supposed that its use might be related to a possible adaptogen and immunostimulant activity, given the presence of saponins and betulinic acid (Oliveira et al., 2011; Brandão et al., 1993) . Nevertheless, Andrade Neto et al.(2008) highlighted a good preventive use on chickens infected by Plasmodium gallinaceum and showed that an ethanol extract of the plant hampered in vitro and in vivo the development of P. berghei sporozoites in mice. They also proved a reduction in the number of infected liver cells and a smaller number of schizonts cells than in untreated mice. As the sporozoites are the form of contagion of the Plasmodium, this result confirmed the prophylactic activity of A. amazonicus. Possible interactions occur between saponins from ''Indian beer" in: (i) the malaria primary liver forms, or (ii) the parasitophorous vacuole membrane, with consequent parasite destruction. Recently, the immunomodulatory and anti-inflammatory activites of an A. amazonicus extract was successfully explored (Peçanha et al., 2013) . This work highlighted an increase in total serum IgM and IgG and a decrease in the percentage of splenic plasma cells (CD138+ cells) in Plasmodium chabaudi-infected mice treated by A.amazonicus.
Euterpe catinga (RFC= 0.68) and Euterpe precatoria (RFC= 0.32) According to informants, E.caatinga differs from other açaí (Euterpe spp.) in its smaller and darker fruits and reddish petiole. E. precatoria and E. oleracea Mart. are often cited for their antimalarial use Kvist et al., 2006; Ruiz et al, 2011) . Although these species occur in the region, preference is given to the local E. caatinga. According to Mesa and Galeano (2013) , the roots of E.caatinga are indicated as an antimalarial by the Tikuna indians of Colombia. There are neither phytochemical studies of this species nor tests of their antimalarial activity, but some other species of the genus (mainly E.precatoria) have been studied further. E. precatoria is mainly used in mixtures. Its roots are macerated with C.papaya's roots, or a piece of palm is cooked with E.prostrata. This plant is the most cited antimalarial in the Peruvian Amazonia, (Kvist et al., 2006) and is generally used in other parts of Amazonia (Bertani et al., 2005; Ruiz et al., 2011; Scudeller et al., 2009) . Despite the intensive antimalarial use of E. precatoria roots in traditional medicine, only one study finds moderate antiplasmodial activity for lignan isolated from its roots (Jensen et al., 2002) . Root, stem and leaf stalk of E.precatoria revealed the presence of cytotoxic triterpenes, sterols, lignans, flavonoids, coumarins, phenols and also p-hydroxybenzoic acid, cytotoxic triterpenes, and steroids (Harborneet al., 1994; Galotta and Boaventura, 2005; Galotta et al., 2008; Soliset al, 2011) . The root shows a high concentration of phenolic compounds compared to the tea and wine (Solis et al., 2011) and high anti-free-radical potential on the root and petiole (Galotta et al., 2008) .
Physalis angulata (RFC= 0.33) P. angulata is a widely used antimalarial in Amazonia (Rodrigues, 2006; Milliken, 1997; Santos et al., 2006; Odonne et al., 2013; Kvist et al., 2006; Ruiz et al., 2011) . A review of molecules isolated from P. angulata is available (Rengifo and Vargas, 2013) , citing notably flavonoids, tannins, terpenes and phenolic acids, alkaloids as physalins and whitanolides (Rengifo and Vargas, 2013; Luzakibanza et al., 2010) . The methanol extract of P. angulata leaves demonstrated high activity against chloroquine-resistant and sensitive P.falciparum strains. Also, leaves of the aqueous and methanolic extract showed good inhibition of parasitaemia in vivo in mice infected by Plasmodium berghei (Luzakibanza et al., 2010; Ruiz et al., 2011; Ankrah et al., 2003) . The antimalarial activity of isolated physalins from P.angulata was investigated against chloroquineresistant P.falciparum strains and show increased parasitemia and mortality in mice infected with P. berghei, whereas physalin 2 caused a reduction in parasitaemia. The exacerbation of infection in vivo treatment with physalin 3 is probably due to its potent immunosuppressive activity, which is not evident in physalin 2 (Sá et al., 2011) . However, two studies found contradictory results, with weak or no antimalarial activity (Kvist et al., 2006; Zihiri et al., 2005) .
Cocos nucifera (RFC= 0.12) Coconut used to treat malaria is broken in half and placed in a pot with its water until boiling, and the bitter liquid is drunk for seven days. The coconut fiber, composed mainly of lignin and cellulose, is similar in chemical composition to wood. It is also a source of chemical compounds, particularly phenolic compounds. During the boiling process, organic substances such as pectin, tannins, and phenols are probably released into the water. The use of coconut fiber seems non-toxic for oral use (Alviano et al., 2004; Al-Adhroey et al, 2011) . These results are consistent with those observed in popular use, during which the occurrence of adverse effects is unusual. Antiplasmodial activity is reported for the main polyphenolic components, particularly catechins (Al-Adhroey et al, 2011; Adebayo et al., 2012; Adebayo et al, 2013) . Adebayo et al. (2012) showed a total absence of antimalarial activity in most of the tested varieties of C. nucifera and suggests that the popular use of the plant as a medicine should be restricted to the "right type." The in-vitro evaluation of coconut fiber in antiplasmodial activity revealed that only the ethyl acetate fraction of the extract was active against P.falciparum, that the phytochemicals present in this fraction are alkaloids, tannins and flavonoids, and that there is no hepatotoxic potential nor predisposition to cardiovascular disease (Adebayo et al., 2013) . The mesocarp extract of C. nucifera was evaluated in vivo against P. berghei, reducing significantly the parasitaemia, but not the survival time of infected mice (Al-Adohroey et al., 2011) .
Swartzia argentea (RFC= 0.08)
In the chemical analysis of S.argentea, eight metabolite classes were found within barks: catechin, flavanone, flavononol, condensed tannin, anthraquinone, resins and saponin (Barbosa et al., 2006) . There was no work on the antimalarial activity of this species.
Conclusion
Local traditional knowledge of antimalarial plants is still widespread in indigenous communities of Upper Rio Negro, probably because of the high incidence of malaria in the region, the accessibility of the plants, and the difficulty of and delay in accessing the medicines distributed by the government. Forty-six plants species were identified, of which seven species present a good level of consensus, and among them, A. schultesii, E. catinga, E. precatoria and S. argentea have few or no studies dealing with their antimalarial activity. According to Krettli (2001) , the possibility of finding active molecules against plasmodium on selected plants through traditional knowledge is almost 2000% higher than that of randomly selected ones, and this paper references 26 plants that do not have any studies of their antimalarial activity. Our studies highlight the following species: Glycidendron amazonicum, Heteropsis tenuispadix, Monopteryx uaucu, Phenakospermum guianensis, Pouteria ucuqui, Sagotia brachysepala as interesting plants for future studies, because they are Amazonian species of widespread use but no studies. For 18 plant species, the traditional uses have been validated by phytochemical and modern pharmacological studies. Experimental validation of these remedies may help in developing new drugs for malaria and may eventually lead to more widespread use of traditional medicines in local and cheaper health care systems that take into account the cultural aspects of disease healing. More than half of plants (58.7%) traditionally used against malaria are Amazonian native species, which highlights the importance of environmental protection and the territorial rights of indigenous people to ensure the supply of medicines.
